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Abstract Biomass and NPP (net primary productivity) are the primary data which describe the structure and function of 
ecosystems. The allocations of biomass and NPP are related to nutrient, water use efficiencies and the ability to resist erosion 
of ecosystems. Excessive farming has intensified wind-erosion desertification in northern China, which has not only affected 
local economic development and ecological conditions, but also posed threat to the ecological state of the inland areas. 
Re-grassing abandoned croplands has been a common measure to prevent wind-erosion-caused desertification in the 
agro-pastoral ecotone of northern China. Grassland vegetation is very sensitive to nitrogen and water in arid and semiarid areas, 
but is unclear whether and how nitrogen (N) fertilization and increased precipitation affect the restoration of vegetation in 
re-grassed croplands. The responses of biomass and NPP to N fertilization [N10: 10 g(N)-m~-a™'] and irrigation (irrigation 


amount was 180 mm to simulate 50% increase in precipitation) were investigated in a re-grassed abandoned cropland in 
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Duolun County of Inner Mongolia, China. The results showed that fertilization increased the aboveground biomass of 
re-grassed croplands by nearly 100% while irrigation increased aboveground biomass by only 17%—37%. Either fertilization or 
irrigation had no significant effect on belowground biomass in re-grassed croplands (P > 0.05) while irrigation enhanced 
belowground NPP (BNPP) by 35%-90%. Fertilization reduced root-to-shoot ratio (R : S) and ratio of BNPP to aboveground 
NPP (ANPP) in re-grassed cropland but increased precipitation had no significant effect on the two indicators (P > 0.05). 
The dominant species (Agropyron mongolicum and Artemisia scoparia) had significant positive responses to fertilization, 
respectively with 130% and 70% increase in biomass in the second year. However, fertilization had no significant effect on 
biomass of forbs (P > 0.05). Asymmetric competition for fertilizer among plant species increased the proportion of perennial 
grass and decreased the proportion of forbs in vegetation community of re-grassed cropland. In contrast, forbs were very 
sensitive to irrigation, with 128% increase in biomass in the second year of treatments. Increased precipitation enhanced the 
proportion of forbs in the community by 13%. A. mongolicum and A. scoparia biomass was not affected by increased summer 
precipitation. Belowground biomass, BNPP, total NPP (TNPP) and R : S ratio of treated or untreated re-grassed croplands 
were much lower than those of fenced grassland. The results indicated that fertilization significantly increased aboveground 
biomass and changed the proportions of biomass and NPP in re-grassed farmlands. The results also suggested that increased 
precipitation hastened vegetation restoration in abandoned croplands. This strongly depended on functional types of dominant 
species due to the distinct sensitivity of plant species to increased precipitation. 

Keywords Re-grassing cropland; Fertilization; Increased precipitation; Vegetation restoration; Community composition; 


Biomass allocation; Biomass of grassland 
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Fig. 1 Above-ground biomass of fenced grassland and 
grasslands returned from cropland with nitrogen or water 
addition in 2005 and 2006 
GL: Bet; AC: ARGABAA DK AYR Rh; ACW: 
0 7K BY BR PNE T Sth (DO 2K EA EF BEAK BAY 50%, 180 mm); 
ACN: MOAB BYR HK 5 hth PRIS, HEALS A 10 gNm] AIA) 
NEF RRM 2005 FABER TB (P<0.05), FAASFTS 
FRA 2006 FANE a) ZF ES (P<0.05). F Elo GL: fenced grassland; 
AC: grassland returned from cropland without water and nitrogen 
addition; ACW: grassland returned from cropland with water 
addition (simulating 50% increase in rainfall, 180 mm); ACN: 
grassland returned from cropland with nitrogen addition [urea, the 
application rate is 10 g(N)-m™-a']. Different lowercases indicate 
significant difference at 0.05 level among treatments in 2005. 
Different capital letters indicate significant difference at 0.05 level 
treatments in 2006. The same below. 
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Fig. 2 Responses of biomasses of Agropyron mongolicum (a), Artemisia scoparia (b) and perennial forbs (c) of grasslands returned 
from cropland to water or nitrogen addition in 2005 and 2006 
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Table 1 Biomass composition of vegetation in fenced grassland and grasslands returned from cropland with nitrogen or water 


addition in 2005 and 2006 % 
2005 2006 
Sh EB — pem —Ẹ# 
aaa TERE SHEERS REQ FEAR yyy STERN SSERRE FE AERE KHER 
Perennial y Annual ; Perennial Perennial RAG i 
Perennial forbs Annual forbs Semi-shrub Annual grass Semi-shrub 
grass grass grass forbs Annual forbs 
GL 39+4a 5348a 1+0b 0a 7+4a 36+3b 4548a l4la 0a 18+6a 
AC 70+8a 15+5b 12+7ab 3+la 0b 55+9ab 15+8b 29+1b 140a 0b 
ACW 62+1la 23+1 lab 12+5ab 342a 0b 37413b 28+13ab 22+6b 13412a 0b 
ACN 53+14a 13411b 31+10a 3+2a 0b 68+9a 7+3b 23+8b 2+2a 0b 


WARES SBR 7 El EF EB (P<0.05), FE Different small letters in the same column mean significant difference at 0.05 level 
among treatments. The same below. 
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Fig. 3. Species richness and biomass evenness of fenced grassland and grasslands returned from cropland with nitrogen or 


water addition in 2005 and 2006 
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Table 2. Below-ground biomass at different soil depths of fenced grassland and grasslands returned from cropland with nitrogen or 


water addition gm” 
hhg EB Soil depth (cm) 
Treatment 0~10 10~20 20~40 0~40 
GL 1 010.41+467.79a 331.96+61.94a 348.59+40.58a 1 690.96+157.06a 
AC 369.40+12.52b 156.80+8.28b 266.39+31.83b 792.60+33.92b 
ACW 487.20+67.79b 183.77+15.60b 201.23423.47b 872.21+103.15b 
ACN 461.74+103.22b 169.06+18.60b 221.85+30.57b 852.65+132.86b 


#3 2005 FH 2006 F E Ft te PA E 7k Lh BIR HK E e Ke] t lh PREP HA 
Table 3 Below-ground net primary productivity (BNPP) at different soil depths of fenced grassland and grasslands returned from cropland 


with nitrogen or water addition in 2005 and 2006 gma! 
2005 2006 
pisey =e Ss a5 
EB Soil depth (cm) EB Soil depth (cm) 
Treatment 
0~10 10~20 20~40 0~40 0~10 10~20 20~40 0~40 

GL 426.50437.6la  125.234+44.3la 67.26£17.80b 618.99453.10a  266.15427.95a 142.44421.26a 110.78421.13a 519.38450.10a 

AC 83.95425.55b 36.20+4.40b 38.9249.43b 159.07423.87c 156.37436.70b = 59.82+5.70¢ 77.50+9.61a  293.69+40.12¢ 
ACW 141.73+50.50b 45.8948.13b 118.53+24.56a 306.16+70.53b  187.25+31.00ab 109.47+15.17b 99.6145.35a 396.33434.08b 


ACN 64.01+17.74b  60.76+4.11ab 


48.89+12.68b 173.67 


28.18bc 


128.25+21.43b 
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Fig. 4 Total biomass and total net primary productivity (NPP) of fenced grassland and grasslands returned from cropland with 
nitrogen or water addition in 2005 and 2006 
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Fig. 5 Root-shoot ratio (R/S) and ratio of belowground to aboveground net primary productivity (BNPP/ANPP) of fenced grassland 
and grasslands returned from cropland with nitrogen or water addition in 2005 and 2006 
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Xe BE ZK ON Be WR, A eee OM Bek Mh IB 
ate 128% Atth keel SS SS KIB HA 
RAE SRE BK BARR. 

REPAR, WARE CE AGRA AN Se Se fe aR HIS 
Hoi CEASE, iil, Menke San 
BWBRADH. Ailbiketwe Sia, PRCA 
AY, DVS BD hte nee te bie, AER 
PASH RR. THRERARN AN. MHA, 2 
3 Bee 7K $B DOM Heh a a IR F H HB ae E H YO BJ, 
XH RAH MARA IRA X Ro 
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